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High quality anthropometric measurements are 
fundamental to clinical and epidemiological research. 
With the ‘epidemiologic transition’ from communicable 
to noncommunicable diseases (NCDs) underway 
in India as in several other ‘late-industrializing’ 
countries,(1,2) there has been a rollout of a National 
Program for Prevention and Control of Cancer, Diabetes, 
Cardiovascular Disease, and Stroke (NPCDCS) initially 
across a selected subset of 620 districts spread over 
almost all states by the Indian government,(3) and also 
concomitant interest in national surveillance(4-6) as well 
as research(7) on NCDs and their risk factors over the 

last decade;(8-12) all of which involve anthropometric 
measurements.

Anthropometry involves the external measurement of 
morphologic traits of human beings(13) and may include 
height, weight, circumferences, skin fold thickness, and 
several other measurements.(14) These anthropometric 
measurements have an important place in management 
of both communicable and NCDs.

The measurements for each method have inherent 
variations, either due to biologic variation or due to error 
in measurement.(15,16) The extent to which measurement 
error can affect measurement or the interpretation of 
health status is less emphasized.(13) Further, differential 
measurement errors may also affect computed indices 
using more than one measurement, for example, body 
mass index, waist-hip ratio, etc. So while there are 
standard tools such as World Health Organization STEP 
wise approach to Surveillance (WHO-STEPS) for use of 
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anthropometry in research studies, there is insufficient 
easily available guidance literature on measurement 
errors and ways to assure quality in measurements. 
In this communication, we define methods to estimate 
measurement error in anthropometry, offer guidelines 
for acceptable error, and suggest ways to minimize 
measurement error; thereby improving anthropometry 
quality in health assessments.

Types of Errors
There are potentially two types of errors in anthropometry; 
those linked to:
1. Repeated measures giving the same value (reliability) and
2. Measurements departing from true values (accuracy 

or bias).(13)

Reliability has two components: Precision and 
dependability.(17) Precision is the consistency between 
repeated measurements over time, while dependability 
refers to the physiological fluctuation within the 
individual. Accuracy is the extent to which the ‘true’ 
value of a measurement is attained. While random errors 
affect the reliability of measurements, inaccuracy is due 
to systematic bias. Reliability is influenced by observer-
related issues (e.g., inconsistency in locating landmarks 
or applying pressure to the instrument) as well as 
subject-related issues (e.g., due to respiration or change 
of posture). Inaccuracy may be due to instrument error 
or to errors of measurement technique.

Measurement of Error and Acceptable 
Levels of Measurement Error
Attention to quality control involves the measurement 
of the magnitude of these errors. Imprecision may 
be estimated by carrying out repeated measures on 
the same subjects and calculating one or more of the 
following: Technical error of measurement (TEM), % 
TEM, reliability coefficient (R), or intraclass correlation 
coefficient (ICC).(13,14,16,18)

When a measurement is taken on the same individual 
more than once, the value obtained each time will not 
be the same; this produces what is called the ‘technical 
error of measurement’. This most commonly used 
measure is essentially the standard deviation between 
repeated measures. Ulijaszek and Kerr show that the 
calculations for intra- and interobserver error are the same.
(13) Intraobserver TEM between two measurements and 
interobserver TEM between two measurers is obtained by: 

 (1)
where N is the number of participants measured. When 
more than two measurers are involved, 

 (2)
where N is the number of participants, K is the number 
of measurers, and M is the measurement. The units 
of TEM are the same as the units of the measurement 
under consideration.(13) An example calculation of TEM 
from measurements of hip circumference made by 
four observers is shown in Table 1 with the step-wise 
calculations for ∑1

KM2, (∑1
KM)2/K, the difference between 

the two, the sum of these differences, and then the TEM. 
In this example, the TEM is 2.71 cm.

However, the size of the TEM is positively associated 
with the size of the measurement. Hence, this is 
sometimes converted into a relative TEM (%TEM) = 
(TEM/mean)*100. This is a measure of coefficient of 
variation (CV), which has no units and allows direct 
comparison of all types of anthropometric measures.

R has not been used widely and so values to which 
measurers must strive to attain are largely unknown 
unlike the other parameters.

Acceptable levels of measurement error
Lower the TEM, better the reliability. For trainee 
anthropometrists, the acceptable intraobserver range 

Table 1: Sample calculation of technical error of measurement (TEM) for hip circumference measurements taken by four 
measurers on a set of 10 volunteers
Volunteer ID Hip circumference (cm) obtained by

Measurer 1 Measurer 2 Measurer 3 Measurer 4 ∑1
KM2 (∑1

KM)2/K Difference
Volunteer 1 80 77.3 80 80.5 25,255.54 25,249.21 6.33
Volunteer 2 81.8 76.5 80.8 79.8 25,440.17 25,249.21 15.87
Volunteer 3 80.3 77.8 89.8 80.5 27,045.22 26,961.64 83.58
Volunteer 4 79 76.5 81.5 79 24,976.5 24,964.00 12.50
Volunteer 5 80 78.8 81 79.5 25,490.69 25,488.12 2.57
Volunteer 6 80.5 76.5 80.5 81 25,373.75 25,360.56 13.19
Volunteer 7 79.5 76.8 80.3 79.8 25,034.62 25,027.24 7.38
Volunteer 8 79.8 77 80 79.5 25,017.29 25,011.42 5.87
Volunteer 9 90.8 92 90 93.5 33,550.89 33,543.92 6.97
Volunteer 10 91.2 94 90 89.5 33,263.69 33,251.52 12.17
Sum = 175.71, TEM =2.71 cm
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of TEM is <1 mm (for skinfolds) and <1 cm for 
circumferences; the acceptable interobserver range 
of TEM is 1-2 mm for skinfolds, <1 cm for arm and 
waist circumferences, and 1-2 cm for hip and thigh 
circumferences. In terms of % TEM, the acceptable 
intraobserver range of TEM is <1.5%, while interobserver 
is <2%.(16) Absolute values of acceptable TEM listed 
absolute are used both as training targets and in 
dissemination of study results.

Requirements For High Quality 
Measurements
Errors in measurement cannot be avoided completely, 
but they can be minimized to a large extent. We propose 
that investigators pay special attention to following a 
quality assurance protocol comprising of six key steps 
for anthropometric measurements as depicted in the 
conceptual framework in Figure 1.
1. Certified lead anthropometrist andtrainer
2. Manual of standard operating procedures
3. Robust equipment
4. Equipment calibration
5. Standardization training andcertification
6. Resampling (about 5-10%)

Certified Lead Anthropometrist and Trainer
The first step is to have a lead certified anthropometrist-
cum-trainer on the team. This trainer can be certified 
against an existing lead anthropometrist from the same 
or another institution. If there is no access against another 
lead anthropometrist, an individual with practice of 
anthropometric and/or physiologic measurements can 
be identified and certified by attaining a reproducibility 
(= repeatability around the mean value) of ± 2% for 
circumference measurements and ± 10% for skin fold 
thickness measurements.(19) Skilled anthropometrists 
can obtain almost similar values even if the individual is 
obese.(20)

Manual of Standard Operating Procedures
Next step is to standardize the training for all identified 
trainees using a measurements training manual. This 
may be adapted from an existing standard training 
manual(21-23) to serve as standard operating procedures 
for several critical steps before, during, and after 
measurement. Sometimes a study-specific manual 
may be prepared by collating points from several of 
these manuals. Critical issues include: Site selection 
in the clinic/household, preparation/positioning of 
the instrument, instructions to the participant and 
positioning/maneuvering of participant, identification 
of body landmarks, application and reading of the 
instrument, and recording of the measurements. Several 
decisions also need to be taken regarding options such as:
1. Precision up to decimal, or rounding-off of digits;
2. Taking two or three readings and calculating average 

of two, three, or last two readings;
3. Site of measurement, that is, left/right or dominant/

nondominant side of the body. Avoidance of common 
errors such as measuring waist circumference at the 
level of the umbilicus which underestimates the 
measurement is also critical.(17,24,25)

Robust equipment
The right decisions need to be made prior to the start of the 
project regarding choice of robust instruments that would 
have the precision required for the project objectives and 
that would be appropriate for facility- or community-
based use as required. For example, the precision of the 
Holtain calipers is 0.2 mm, while that of the Lange calipers 
is 0.5 mm. Further, these equipment need to be well-
maintained and stored appropriately when not in use.

Equipment Calibration
Routine calibration of instruments ensures accurate 
results by the equipment. Weighing scales, stadiometers, 
and skin fold calipers should be calibrated. For example, 
adult weighing scales are calibrated using standard 
International Organization for Standardization (ISO) 
certified weights starting from 10 kg. In addition, we 
also recommend calibration at multiple (at least three to 
determine linearity) points across the range of expected 
measurements; if linear, single point calibrations may be 
sufficient subsequently (for instance, for a health survey 
of middle-aged adults with expected weights across the 
range of 30-80 kg, calibration may need to be done at 
three different points −30, 50, and 80 kg weights). Table 2 
illustrates an example for 10 and 20 kg standard weights 

Figure 1: Conceptual framework for a quality assurance protocol 
in anthropometric measurements

Table 2: Sample equipment calibration sheet for adult 
weighing scale
Standard weight (kg) Scale 1* Scale 2
10 10.2 10
20 20.2 20
*Scale 1 has a systematic bias of + 0.2 kg
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as measured by two different scales; it is apparent that 
scale 1 has a systematic bias of +0.2 kg across the range 
tested; it needs to be noted that this can be corrected for.

Calibration is done as soon as the equipment is purchased 
and then routinely at weekly intervals. Measurements 
are recorded and checked for accuracy each time. This 
also ensures that faulty equipment are quickly identified 
and replaced.

Standardized Measurement Training, Practice, 
and Certification
All field personnel who take the anthropometric 
measurements have to undergo standardization training. 
A standard manual(21) must be used in the training and 
certification of workers; it includes test forms, recording 
sheet, exercises, and criteria for evaluation.

Following standardization training, all trainees must be 
given opportunity to practice measurements on a set of 
volunteers (preferably a few dozen over a few days), in 
both classroom setting and in the field/real-life setting. 
Practice measurements may initially be under direct 
supervision by the trainer.

This should be followed by a certification session with the 
arrangement of volunteers (at least 10), requisite number 
of equipment and time allocation for measurement, 
grading, and feedback. For this testing, all measurements 
are conducted on the same set of subjects by all field 
personnel and certified against the lead anthropometrist. 
A CV of <5% is acceptable to be certified.(21) Additionally, 
TEM as explained above are also used for certification 
of fieldworkers.(13) A sample report of the certification 
program is shown in Table 3 for feedback and refresher 
training. Only certified personnel should be authorized 
to conduct measurements on field. Periodic retraining 
and certification (at 12-monthly intervals) is also an 
important requirement to optimize quality control. 
Advanced data management includes the identification 

of the measurer by a unique identifier code on the 
database so that analyses of interobserver variations 
can be done post-hoc once the data has been collected.

Resampling of individuals
Resampling in anthropometric measurements involves 
subsampling from the original sample for repeat testing 
of some or all of the anthropometric measurements by 
a different measurer. The basic mechanism by which 
this is accomplished is for the investigator to allot a 
subsample of individuals to be remeasured (e.g., weight/
circumference) by a second measurer from another area 
and who is blinded to these values. For instance, if there 
are three measurers A, B, and C; then on one specified 
day of the week, measurer A would go to measurer B’s 
area, measurer B would go to measurer C’s area, and 
measurer C would go to measurer A’s area. The objective 
of this strategy is to ensure quality control for managerial 
purpose rather than for any statistical purpose (such as 
regression to the mean). A few points to bear in mind are:
1. That the original sample must preferably be 

representative,
2. Resampling should be a rare event (~5%), and
3. It should be performed by the same set of qualified 

staff using the same calibrated equipment and the 
same validated methods as used for the initial sample.

Conclusion
Investing in the time, effort, and personnel needed for the 
implementation of such a quality assurance protocol is 
likely to have three intended benefits. Firstly, adherence 
to the various steps of this protocol constituting 
‘good epidemiologic practice’ (GEP) will promote an 
‘environment of quality assurance’ among the study 
personnel within the anthropometric assessment 
scenario in study settings. Secondly, by minimizing 
threats to quality at the data collection stage, it is likely 
to enhance the ‘internal validity’ of the anthropometric 
assessments, thus assuring investigators that they 
are indeed measuring what they intend.(26) Lastly, if 

Table 3: Sample report of certification of measurers against lead anthropometrist (LA)
Measurer Standardization training Practice Certification

Date: 2-Nov-2006 
Study center ID

Duration = 4 weeks Date: 4-Dec-2006
Theory test* Practicals - Physical

Measurements† (mean % deviation from LA)
1 A Few dozen 50% WC = 1.5%; HC = 3.0%
2 A Measurements 88% WC = 2.5%; HC = 1.0%
3 B Between 100% WC = 2.0%; HC = 0.5%
4 B Standardization 100% WC = 3.5%; HC = 3%
5 C Training 100% WC = 6.0%; HC = 4.0%
6 C And 88% WC = 5.5%; HC = 4.0%
7 D Certification 100% WC = 3.0%; HC = 1.5%
8 D Sessions 25% WC = 2.5%; HC = 3.0%
*Theory test for certification →< 60% marks are highlighted; †Physical measurements certification (mean % deviation from lead anthropometrist). WC = Waist circumference, HC = Hip 
circumference →> 5% mean difference or any single value > 10% between measurer’s value and lead anthropometrist’s value are highlighted
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investigators report the magnitude and direction of 
measurement error (as coefficient of variation or as TEM) 
in addition to describing anthropometric measurement 
details, it would assist in comparability across studies.

In summary, we have defined measurement error, 
demonstrated key calculations, identified acceptable 
levels of measurement, and outlined certain critical steps 
to assuring quality in anthropometric measurements. It 
is known that there is a clear hierarchy in the precision 
of anthropometric measurements—with height and 
weight measurements being most precise, circumference 
measurements’ precision being intermediate with 
proneness to inter-observer error, and skinfolds being 
the most problematic.(13) An understanding of presence of 
measurement error along with planning for a few critical 
steps such as rigorous adherence to a standard protocol 
which includes resampling, choice of robust equipment with 
frequent calibration, standardized training(17) by a certified 
anthropometrist, followed by practice and certification of 
all workers with (i) deviation from lead anthropometrist (21) 
and (ii) the TEM,(13) being within acceptable limits; should 
help ensure quality in improving validity of anthropometric 
measurements in health assessments.

PS: A copy of the equipment calibration sheet, and 
the simple Excel spreadsheets for certification (using 
deviation from lead anthropometrist and using TEM) 
can be obtained by writing to the lead author.
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